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(57) ABSTRACT

A power electronics system includes a multipart housing
having three housing elements of cuboid basic structure to
define a central element with inlet and outlet ports for a
cooling liquid, an upper and lower cover elements which are
arranged on opposite connection surfaces of the central ele-
ment. A plurality of power electronics switching devices is
accommodated in the housing, and a condenser device having
condenser connection elements is arranged in the central
element of the housing™> Further provided is a liquid cooling
system having at least one first upper cooling chamber
between the central element and the upper cover element, and
at least two first and second lower cooling chambers between
the central element and the lower cover element. The upper
and lower cooling chambers are configured for circulation of
the cooling liquid entering through the inlet port and exiting
through the outlet port of the housing.
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1
POWER ELECTRONICS SYSTEM WITH
LIQUID COOLING SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the priority of German Patent
Application, Serial No. 102012 215 787.5, filed Sep. 6, 2012,
pursuant to 35 U.S.C. 119(a)-(d), the disclosure of which is
incorporated herein by reference in its entirety as if fully set
forth herein.

BACKGROUND OF THE INVENTION

The present invention relates to a power electronics sys-
tem.

The following discussion of related art is provided to assist
the reader in understanding the advantages of the invention,
and is not to be construed as an admission that this related art
is prior art to this invention.

In power electronics systems, particularly when used in
vehicles having a main or additional electrical drive, the indi-
vidual components of the power electronics system have to be
cooled. Different components of the power electronics sys-
tem have hereby different cooling requirement, particularly
in terms of heat quantity and thermal capacity.

The power electronics switching device, which is con-
nected by way of example to a drive motor, usually has the
highest cooling requirement in respect of the heat quantity to
be dissipated. Other power electronics switching devices for
charging an energy storage device for example require dissi-
pation of a lower heat quantity. Compared with power elec-
tronics switching devices, condenser devices generally
require cooling which is less by at least one order of magni-
tude in respect of heat quantity to be dissipated.

In contrast, there is however the need for the thermal capac-
ity in terms of the working temperature in condenser devices
to generally lie more than 20° C. below that of the power
electronics switching devices. In addition, power electronics
switching devices in most cases have a greater tolerance with
respect to temperature peaks than the condenser device.

It would be desirable and advantageous to provide an
improved power electronics system to obviate prior art short-
comings and to enable a cooling that is suited to different
components, such as power electronics switching devices and
a condenser device, according to their respective cooling
requirement, in particular according to their respective ther-
mal capacity and their heat quantity to be dissipated.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a power
electronics system includes a multipart housing having three
housing elements of cuboid basic structure to define a central
element having an inlet port and an outlet port for a cooling
liquid, an upper cover element, and alower cover element, the
upper and lower cover elements arranged on opposite con-
nection surfaces of the central element, a plurality of power
electronics switching devices accommodated in the housing,
a condenser device having condenser connection elements
arranged in the central element of the housing, and a liquid
cooling system having at least one first upper cooling cham-
ber between the central element and the upper cover element,
and at least two first and second lower cooling chambers
between the central element and the lower cover element, the
upper and lower cooling chambers configured for circulation
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2

of'the cooling liquid entering through the inlet port and exit-
ing through the outlet port of the housing.

The present invention resolves prior art problems by pro-
viding a multipart housing, a plurality of power electronics
switching devices, at least one condenser device and a liquid
cooling system for cooling all components exhibiting a cool-
ing requirement. The multipart housing has at least three
housing elements, which have a basic cuboid configuration, a
central element and upper and lower cover elements arranged
on opposing connection surfaces of the central element. A
cuboid basic shape is herewith understood to mean a signifi-
cant simplification of the real shape, wherein fixing and fas-
tening devices, such as generally also surface contours of the
lateral surfaces, should be disregarded.

According to another advantageous feature of the present
invention, the central element and the two cover elements can
each have a cup-shaped housing member and a cover member
associated to the housing member. Embodiments with the
same effect are also to be equivalent to this embodiment for
the person skilled in the art.

The housing, advantageously the central element, includes
the inlet port and the outlet port for a cooling liquid and thus
the connection devices of the liquid cooling system. Advan-
tageously, the central element accommodates in its interior
the condenser device with condenser connection elements,
which are indirectly or directly connected to at least one
power electronics switching device.

According to another advantageous feature of the present
invention, at least one of an upper one of the power electronics
switching devices can be arranged in the upper cover element.
As an alternative or in addition, a lower power electronics
switching device can be provided in the lower cover element.
At least one of these power electronics switching devices is
electrically conductively connected to the condenser device
in the central element. For connections of this type, the hous-
ing elements have recesses for passage of suitable connectors.

It may also be advantageous to arrange a control switching
device in the upper cover element and alternatively or in
addition in the lower cover element, to thereby form upper
and/or lower control switching devices. The contoured and
complementing connection surfaces form at least an upper
cooling chamber between the central element and the upper
cover element. Likewise, complementing and contoured con-
nection surfaces form at least two lower cooling chambers
between the central element and the lower cover element.

The term “connection surface” is herewith understood to
relate to surfaces which come into partial contact and are at a
distance from one another in sections to thereby form the
cooling chambers. In such a way, connecting channels can be
configured to connect cooling chambers.

Each cooling chamber has at least one cooling surface. The
term “cooling surface” is understood to relate to that part of a
boundary surface of a cooling chamber in direct thermal
contact with a component to be cooled, in particular a power
electronics switching device or a condenser device or respec-
tive parts hereof.

The liquid cooling system thus includes the inlet and outlet
ports, the cooling chambers and necessary connecting chan-
nels for connecting the cooling chamber or connection
thereof with the inlet port or outlet port. Cooling liquid can
thus circulate through the cooling system by entering at the
inlet port and exiting at the outlet port, with cooling liquid
advantageously flowing successively through the various
cooling chambers.

The liquid cooling system, of course, is provided with
suitable seals at various points, especially between housing
elements, in particular to seal off electrical terminals. With
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the concrete embodiment of the liquid cooling system, it
should be taken into account that the condenser device, on
account of the lower thermal capacity, should take prece-
dence over the power electronics switching device, and
requires dissipation of significantly lower heat quantity in
comparison with the power electronics switching devices.

As a result, according to another advantageous feature of
the present invention, any one of the upper and lower cooling
chambers which is in exclusive thermal contact with the con-
denser device has a smallest pressure loss. As an alternative,
it may be advantageous, particularly in the absence of any
cooling chamber in exclusive thermal contact with a con-
denser device, when a cooling chamber which is in exclusive
thermal contact with the condenser device and a control
switching device has the lowest pressure loss of all the cool-
ing chambers.

Conversely, it is advantageous when a cooling chamber
which s in exclusive thermal contact with a power electronics
switching device has the highest pressure loss of all the cool-
ing chambers. With such a chamber, which can also have the
highest thermal transfer value, it may also be advantageous
when a cooling surface has cooling elements, in particular
cooling fins or cooling fingers, which are arranged in the
cooling chamber and are in thermal contact with the cooling
liquid, as a result of which this cooling surface forms a main
cooling surface.

The provision of a liquid cooling system according to the
invention allows for the condenser device, arranged in the
central element, to be cooled on both sides and thus to sig-
nificantly improve efficiency and uniformity of the cooling
effect. This two-sided cooling, in combination with the suit-
able sequence of through-flow, as provided in the inventive
embodiment of the cooling system, produces a very efficient
cooling of the condenser device. Due to the low pressure
losses, as a result of slight heat dissipation, the pressure loss
is low upstream of the cooling chamber of the power elec-
tronics switching device.

Furthermore, heat input into the cooling liquid is also low.
Therefore, before entry into the cooling chamber of the power
electronics switching device, both the pressure loss and also
the temperature increase of the cooling liquid are very low, as
a result of which cooling conditions of the power electronics
circuit are not significantly worse than if the cooling chamber
assigned thereto was flowed through first. The necessary
cooling of the condenser device is at the same time optimal.

With cooling chambers, which are not only assigned to a
condenser device or a power electronics switching device, it
is necessary to select a compromise between the pressure loss
and dissipated heat quantity as a function of the requirements
of'the cooling chambers arranged upstream and downstream
thereof. It is particularly advantageous when the cooling
chambers of the liquid cooling system are flowed through in
the order of their pressure loss, starting with the lowest.

Ina simplification exclusively for the purpose of clarity, the
afore-cited advantages of a power electronics system accord-
ing to the present invention are particularly clear with a cool-
ing system having two upper cooling chambers and two lower
cooling chambers, which are flowed through by cooling lig-
uid in the sequence of inlet port, first lower cooling chamber,
first upper cooling chamber, second upper cooling chamber,
second lower cooling chamber, outlet port. The first two cool-
ing chambers that are flowed through by cooling liquid are
used to cool the condenser device on both sides, i.e. condens-
ers and alternatively or in addition the condenser connection
elements of the condenser device, while the further cooling
chambers, an upper one and a lower one, are used to cool a
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power electronics switching device, one upper and one lower
power electronics switching device respectively.

According to another advantageous feature of the present
invention, the first lower cooling chamber can be connected to
the first upper cooling chamber by a first connecting channel,
and the second upper cooling chamber can be connected to
the second lower cooling chamber by a second connecting
channel.

According to another advantageous feature of the present
invention, the first upper cooling chamber and the second
upper cooling chamber can be degenerated to form a single
cooling chamber. As an alternative or in addition, at least one
of the lower cooling chambers can be configured in the form
of plural sub-cooling chambers.

BRIEF DESCRIPTION OF THE DRAWING

Other features and advantages of the present invention will
be more readily apparent upon reading the following descrip-
tion of currently preferred exemplified embodiments of the
invention with reference to the accompanying drawing, in
which:

FIG. 1 shows a simplified schematic illustration of a power
electronics system according to the present invention;

FIG. 2 shows a two-dimensional sectional representation
of one embodiment of a power electronics system according
to the present invention;

FIG. 3 shows a top and side three-dimensional exploded
view of the power electronics system;

FIG. 4 shows a bottom and side three-dimensional
exploded view of the power electronics system; and

FIG. 5 shows a three-dimensional representation of a liquid
cooling system in the power electronics system according to
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Throughout all the figures, same or corresponding ele-
ments may generally be indicated by same reference numer-
als. These depicted embodiments are to be understood as
illustrative of the invention and not as limiting in any way. It
should also be understood that the figures are not necessarily
to scale and that the embodiments are sometimes illustrated
by graphic symbols, phantom lines, diagrammatic represen-
tations and fragmentary views. In certain instances, details
which are not necessary for an understanding of the present
invention or which render other details difficult to perceive
may have been omitted.

Turning now to the drawing, and in particular to FIG. 1,
there is shown a simplified schematic illustration of a power
electronics system according to the present invention, gener-
ally designated by reference numeral 1 and explanatory for
FIGS. 2 to 4. The power electronics system 1 has a housing 2
comprised of three cuboid housing elements which define an
upper cover element 20, a central element 22, and a lower
cover element 24. Each of these housing elements 20, 22, 24
is formed by a cup-shaped housing member 206, 226,246 and
an assigned cover member 200, 220, 240. This is shown
particularly clearly for the two cover elements 20, 24. The
upper cover element 20 is arranged with its connection sur-
face 202 on the upper connection surface 222 of the central
element 22 and likewise the lower cover element 24 with its
connection surface 242 is arranged on the lower connection
surface 224 of the central element 22. The assigned connec-
tion surfaces only partially touch one another and are
arranged at distances in sections, by providing at least one of
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the connection surfaces with a surface contour. As a result of
this contouring of the surfaces, upper and lower cooling
chambers and first connecting channels are formed. The cen-
tral element 22 furthermore includes an inlet port 50, an outlet
port 52 and at least one second connecting channel 54, 56
between the upper and lower chamber areas, which includes
the respective cooling chambers and first connecting channels
there. These elements form the liquid cooling system 5 of the
power electronics system 1.

Although not shown in detail, seals are, of course, provided
and arranged as customary, for sealing the liquid cooling
system 5, in particular on the connection surfaces 202, 222,
224, 242.

The lower cover element 24 accommodates three lower
power electronics switching devices 34. One of these switch-
ing devices comprises, in this embodiment, without restrict-
ing the generality, a control switching device 64 functionally
connected thereto. Similarly without restriction, the upper
cover element 20 includes a power electronics circuit 30 and
two control switching devices 60 non-functionally connected
hereto. The central element 22 accommodates a condenser
device 4, which is formed here from three condensers 40,
which are functionally connected to the three lower power
electronics switching devices 34, without this connection
being explicitly shown.

A plurality of different cooling chamber configurations can
essentially be embodied based on this embodiment of the
power electronics system 1.

In a first variant of a cooling chamber 500, 540, here
without restricting the generality, shown with an upper cool-
ing chamber 500, this is in exclusive thermal contact by
means of an assigned cooling surface 522 with a condenser
device 4, in particular with its condensers 40 themselves or
alternatively or in addition with its condenser connection
elements 410, 420. In some embodiments of the power elec-
tronics system, the cooling of the condenser connection ele-
ments gains considerable significance. As is further shown in
FIG. 4, the housing member 226 is provided with a terminal
600 for providing electrical connections.

With a second variant of a cooling chamber 502, here
likewise shown as an upper cooling chamber, this is in ther-
mal contact with the condenser device 4 and a control switch-
ing device 6 by means of two cooling surfaces 506, 524. With
athird variant of a cooling chamber, here shown with an upper
504 and a lower 544 cooling chamber, this is thermal contact
with the condenser device 4 by means of a cooling surface
526, 528 respectively and with a respective power electronics
switching device 30, 34 by means of a further respective
cooling surface, here in each case a main cooling surface 508,
546, 548. The respective main cooling surface 508, 546, 548
has cooling fingers, as a result of which the cooling output of
this main cooling surface is essentially better by at least a
factor of two compared with a cooling surface with the same
base surface. An increased pressure loss of the cooling liquid
generally accompanies this improved cooling output. With a
fourth variant of a cooling chamber 542, here a lower cooling
chamber, the single cooling surface 546 is in thermal contact
with a power electronics circuit 34. In order to be able to fulfill
the cooling requirements of power electronics circuits, it is
advantageous in each instance to embody the cooling surfaces
assigned thereto, as shown, as main cooling surfaces.

The liquid cooling system of a power electronics system,
which, for the sake of clarity, is taken into consideration
without control switching devices 60, 64, is particularly pref-
erably, see hereto also FIG. 5, embodied such that the cooling
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liquid flows through the liquid cooling system 5 in the fol-
lowing order:

inlet port 50;

a lower cooling chamber 540 of the first variant;

connecting channel 54 from below to the upper chamber

area;

one or a number of upper cooling chambers 500 of a first

variant;

connecting channel 56 from the upper to the lower chamber

area

a plurality of lower cooling chambers 542 of a fourth

variant;

outlet port 52.

It is herewith understandable that if necessary the upper or
the lower connecting channels are likewise flowed through.

FIGS. 2 to 4 show a power electronics system 1 according
to this cited embodiment.

FIG. 5 shows the cooling liquid and its pressure loss in a
power electronics system 1 of this type, wherein the liquid is
provided here in corresponding areas of the power electronics
system with a stroke following the reference character. The
parts of the housing forming the liquid cooling system are
thus not shown explicitly, but instead the cooling liquid con-
tained in the liquid cooling system. F1G. 2 shows the inventive
power electronics system in a two-dimensional sectional rep-
resentation along a section A-A according to FIG. 3, whereas
FIGS. 3 and 4 show the power electronics system in an
exploded view from two different viewing directions.

The three-part housing 2 of the power electronics system is
shown, consisting of the upper cover element 20 which (not
shown) has an activation switching device. The upper cover
element 20 is embodied like the remaining housing parts as a
cup-type housing member 206 with an assigned cover mem-
ber 200.

A condenser device 4 with condensers 40 and second con-
denser connection elements 420 for connection with a exter-
nal DC source, and also with a plurality of first condenser
connection elements 410 for connection with power electron-
ics switching devices 34 of the power electronics system, is
arranged in the central element 22.

Similarly, the inlet port 50 and also the outlet port 52 are
likewise arranged in this central element 22 for the cooling
liquid to flow through the liquid cooling system 5. The height
extension of the central element 22, in other words the dis-
tance between the upper and lower cover element, is depen-
dent in this embodiment on the capacity of the condenser
device 4 and can thus be embodied variably as a function
hereof. Three power electronics switching devices 34,
embodied in each instance as semibridge circuits, are
arranged in the lower cover element 24.

The liquid cooling system 5 of the power electronics sys-
tem consists, in addition to the inlet 50 and outlet port 52, of
an upper and a lower chamber area, which in each instance
comprises cooling chambers and first connecting channels
and second connecting channels 54, 56 connecting the cham-
ber areas. A cooling chamber herewith by definition, in con-
trastto afirst connecting channel, comprises a cooling surface
for thermal connection with a component to be cooled, such
as a condenser device, a control switching device or a power
electronics switching device. Basically the cooling chamber
and first connecting channel can pass into one another with-
out a change in cross-section. The first chamber area, and/or
the cooling chambers and first connecting channels there are
embodied by a contouring of the connection surface 202 of
the upper cover device 20 and the upper connection surface
222 of the central element 22. Similarly, the second chamber
area is embodied by a contouring of the connection surface
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242 of the lower cover device 24 and the lower connection
surface 224 of the central element 22.

FIG. 5 shows the cooling liquid, as it spreads in the liquid
cooling system 5 and the pressure losses developing on
account of the various embodiments of the cooling chambers.
It can be seen that downstream of the inlet 50, the cooling
liquid flows through a first lower cooling chamber of a first
variant, thereby only involving a minimal temperature rise
and above all only a low pressure loss. The upper cooling
chambers virtually degenerated to form a cooling chamber on
account of the corresponding embodiment of the connecting
channel are likewise embodied according to the first variant
and comprise a comparably low pressure loss like the first
lower cooling chamber. The heat input is likewise low here
since the condenser device 4 requires a low heat discharge
compared with the power electronics switching devices 30,
34. Nevertheless, the thermal capacity, in particular the
desired operating temperature of the condenser device 4, is
significantly lower than that of the power electronics switch-
ing devices. For instance, the operating temperature of the
condenser device is not to exceed 90° C., whereas the power
semiconductor elements of the power electronics switching
devices are configured for operating temperatures of up to
150° C., frequently even up to 175° C.

Those cooling chambers, which are in thermal contact with
the power electronics switching devices 30, 34, have the
largest heat input into the cooling liquid, as a result of which
the cooling surfaces are embodied as main cooling surfaces
with cooling elements, such as cooling fins or cooling fingers.
The significantly higher heat input is thus also accompanied
by a higher pressure loss.

In summary, the cooling chamber which is in exclusive
thermal contact with the condenser device has the lowest
pressure loss of all the cooling chambers. If such cooling
chambers are not provided, the cooling chamber which is in
exclusive thermal contact with the condenser device and a
control switching device has the lowest pressure loss of all the
cooling chambers. By contrast, the cooling chamber which is
in exclusive thermal contact with a power electronics switch-
ing device has the highest pressure loss of all cooling cham-
bers. This thus means that the last cooling chamber flowed
through has a pressure loss which is higher by at least a factor
of 1.6, in particular by a factor of 3, than the first cooling
chamber flowed through.

While the invention has been illustrated and described in
connection with currently preferred embodiments shown and
described in detail, it is not intended to be limited to the details
shown since various modifications and structural changes
may be made without departing in any way from the spiritand
scope of the present invention. The embodiments were cho-
sen and described in order to explain the principles of the
invention and practical application to thereby enable a person
skilled in the art to best utilize the invention and various
embodiments with various modifications as are suited to the
particular use contemplated.

What is claimed as new and desired to be protected by
Letters Patent is set forth in the appended claims and includes
equivalents of the elements recited therein:

1. A power electronics system, comprising:

a multipart housing having three housing elements of
cuboid basic structure to define a central element having
an inlet port and an outlet port for a cooling liquid, an
upper cover element, and a lower cover element, said
upper and lower cover elements arranged on opposite
connection surfaces of the central element;

a plurality of power electronics switching devices accom-
modated in the housing;
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a condenser device having condenser connection elements

arranged in the central element of the housing; and

a liquid cooling system having a plurality of cooling cham-

bers located between all three elements and including at
least one first upper cooling chamber between the cen-
tral element and the upper cover element, and at least
two first and second lower cooling chambers between
the central element and the lower cover element, said
upper and lower cooling chambers configured for circu-
lation of the cooling liquid entering through the inlet
port and exiting through the outlet port of the housing.

2. The power electronics system of claim 1, wherein each
of the housing elements has a cup-shaped housing member
and a cover member associated to the cup-shaped housing
member.

3. The power electronics system of claim 1, wherein at least
one of an upper one of the power electronics switching
devices and an upper control switching device is arranged in
the upper cover element.

4. The power electronics system of claim 1, wherein at least
one of a lower one of the power electronics switching devices
and a lower control switching device is arranged in the lower
cover element.

5. The power electronics system of claim 1, wherein any
one of the upper and lower cooling chambers which is in
exclusive thermal contact with a power electronics switching
device has a highest pressure loss.

6. The power electronics system of claim 1, wherein any
one of the upper and lower cooling chambers which is in
exclusive thermal contact with the condenser device has a
smallest pressure loss.

7. The power electronics system of claim 1, wherein any
one of the upper and lower cooling chambers which is in
exclusive thermal contact with the condenser device and a
control switching device has the smallest pressure loss.

8. The power electronics system of claim 1, wherein the
upper and lower cooling chambers are circulated by cooling
liquid in the order of their pressure loss, with cooling liquid
flowing first through the one of the cooling chambers with a
lowest pressure loss.

9. The power electronics system of claim 8, wherein the
one of the cooling chambers through which cooling liquid
flows last has a pressure loss by at least a factor of 1.6 in
comparison with the cooling chamber circulated first by the
cooling liquid.

10. The power electronics system of claim 1, further com-
prising a terminal provided between adjacent ones of the
housing elements for providing an electrical connection.

11. The power electronics system of claim 1, wherein each
of the upper and lower cooling chambers has at least one
cooling surface formed by a cooling element, in thermal
contact with the cooling liquid to thereby define a main cool-
ing surface.

12. The power electronics system of claim 11, wherein the
cooling element is a cooling fin or cooling finger.

13. The power electronics system of claim 1, wherein the
cooling system has a second upper cooling chamber, said
cooling system being configured for flow of cooling liquid in
a sequence of inlet port, first lower cooling chamber, first
upper cooling chamber, second upper cooling chamber, sec-
ond lower cooling chamber, and outlet port.

14. The power electronics system of claim 1, wherein the
cooling system has a second upper cooling chamber, the first
lower cooling chamber being connected to the first upper
cooling chamber by a first connecting channel, and the second
upper cooling chamber being connected to the second lower
cooling chamber by a second connecting channel.
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15. The power electronics system of claim 1, wherein at
least one of the condenser device and condenser connection
elements of the condenser device are in thermal contact with
the first upper cooling chamber and the first lower cooling
chamber via associated cooling surfaces so as to provide
cooling on both sides.

16. The power electronics system of claim 1, wherein the
cooling system has a second upper cooling chamber, wherein
a lower one of the power electronics switching devices is in
thermal contact with at least one of the second lower cooling
chamber and the second upper cooling chamber.

17. The power electronics system of claim 16, wherein an
upper one of the power electronics switching devices is in
exclusive thermal contact with the second upper cooling
chamber, said lower power electronics switching device
being in exclusive thermal contact with the second lower
cooling chamber.

18. The power electronics system of claim 1, wherein the
cooling system has a second upper cooling chamber, wherein
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the first upper cooling chamber and the second upper cooling
chamber are degenerated to form a single cooling chamber.

19. The power electronics system of claim 1, wherein at
least one of the lower cooling chambers is configured in the
form of plural sub-cooling chambers.

20. The power electronics system of claim 1, wherein the
central element is height-variable as a function of a capacity
of the condenser device.

21. The power electronics system of claim 1, wherein said
upper cooling chamber is arranged at a horizontal location
which is between horizontal locations of said lower cooling
chambers.

22. The power electronics system of claim 1, further com-
prising a second upper chamber located between said central
element and said upper cover, said upper cooling chambers
are arranged same horizontal locations as said lower cooling
chambers.
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